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The adoption of endovascular aneurysm repair (EVAR) for ruptured abdominal aortic aneurysms (RAAA) has lagged behind the technique's application for intact, elective abdominal aortic aneurysms (AAA). 1 With emerging data from centers of excellence and community hospitals, it is apparent that EVAR for RAAA has shown a steady increase. [2] [3] [4] [5] [6] [7] [8] Comparison of this method of repair to its traditional open repair counterpart is difficult, however, as preoperative differences in hemodynamic stability are likely to play a large role in the decision for one type of repair over the other. Early reports have been especially favorable in centers where a standardized treatment protocol has been established for EVAR as a first-line therapy for RAAA. [2] [3] [4] [5] Describing the results from one such program, Mehta et al. 2 were able to show an 18% mortality rate following EVAR with a 95% success rate for the procedure, which compares favorably to prior repairs in which mortality for RAAA has hovered at 40% to 50% for the past 4 decades. 9 Moreover, this and other small institutional studies may not be representative of the population at large. We therefore looked at the current outcomes of EVAR and open repair for RAAA within the National Surgical Quality Improvement Program (NSQIP), which is representative of community as well as academic medical centers. The NSQIP, developed for general and vascular surgical outcomes quality assessment, is a large database with contributions by over 200 hospitals nationwide. It contains a comprehensive list of preoperative comorbidities, preoperative variables reflecting hemodynamic stability, intraoperative variables, 30-day postoperative complications, and 30-day mortality, which makes it well suited for the comparison of RAAA repair methods.
METHODS

Database
The NSQIP is a multi-institutional, risk-adjusted, national, prospectively collected database created to facilitate quality control review of outcomes. It originally began in Veterans Administration centers and was expanded to the private sector in a pilot study of 14 academic medical centers. Since the pilot study concluded in 2004, enrollment has steadily grown to include 221 participating community and academic medical centers across the US. Dependent upon its overall volume, each center contributes all or a portion of operative cases performed, with selection occurring in a rotating manner to ensure random representation of procedures and outcomes. Clinical nurse reviewers are specially trained for data review and recording patient information. A comprehensive array of preoperative comorbidity data is collected along with operative and perioperative information. The 30-day postoperative outcomes, including post-hospitalization information, is collected from hospital records, clinic visits, and/or follow-up phone contact. 10 Preoperative demographic and comorbidity variables were recorded for each patient. Preoperative status variables were time dependent and included blood transfusion .4 units within 72 hours, preoperative intubation within 48 hours, altered sensorium within 48 hours, coma entering surgery, acute renal failure within 24 hours, and American Society of Anesthesiology (ASA) classification. Intraoperative variables included blood transfusion volume, operative time, and intraoperative complications (cardiac arrest, myocardial infarction, or unplanned intubation). Thirtyday postoperative events were wound infection (superficial, deep, or organ space infec-tion), wound dehiscence, graft failure, return to the operating room, and 13 other NSQIPdefined complications. Graft failure was defined by NSQIP as ''mechanical graft failure requiring return to the operating room, interventional radiology, or balloon angioplasty.'' Other postoperative outcomes included perioperative mortality (30-day) and hospital length of stay.
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RESULTS
In terms of demographics (Table 1) , the 2 groups were evenly matched for age, gender, and race; White males made up more than 3 quarters of the overall group. Prior myocardial infarction, history of a prior revascularization or amputation for peripheral vascular disease, and cerebrovascular disease were all significantly more common in EVAR patients. The only comorbid conditions that showed a greater frequency in open repair patients were hypertension and poor functional status, while the remaining conditions were all slightly greater in EVAR patients.
Markers of immediate preoperative status showed that patients were similar going into surgery ( 
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Continuous data are presented as median (range); categorical data are given as percentages. 
Predictors of Morbidity and Mortality
Predictors of mortality (Table 5 ) on multivariate logistic regression included open repair, age, dialysis, ASA class 5, preoperative intubation, chronic obstructive pulmonary disease, and obesity (body mass index .30 kg/m 2 ). Open repair was associated with a 2-fold increase in mortality risk, while ASA class 5 and intubation within 48 hours prior to surgery were associated with a 3-to 4-fold increase. When markers of preoperative status were not included in the multivariate analysis, functional status became significant. Open repair still had a 2-fold increased mortality risk compared to EVAR. Predictors of morbidity included open repair, age, and poor functional status. None of the preoperative status variables were independently predictive of morbidity.
DISCUSSION
This study provides a broad assessment of national outcomes of EVAR and open repair for RAAA. The most important finding was that the rate of mortality for patients undergoing EVAR was reduced by 33% compared to patients undergoing open repair in spite of greater comorbidities in EVAR patients and similar preoperative status. The rate of perioperative complications was also lower in the EVAR cohort. In multivariate analysis, open repair was associated with a 2-fold increased risk of mortality independent of demographics, comorbidities, and preoperative status.
In spite of reduced mortality, complications occur as frequently for patients undergoing EVAR as for open repair. The most frequent complication was prolonged intubation, followed by reoperation, pneumonia, shock, and acute renal failure. The rate of graft failure requiring reintervention (4%) was reasonable, especially considering the urgent nature under which stent-grafts were implanted and the limited time for preoperative planning.
The 24% EVAR mortality compares well to the 18% mortality rate reported by Mehta et al. 2 Considering that the NSQIP includes a broad mix of community and academic medical centers, this result is impressive. As NSQIP is a quality improvement tool, howev-¤ ¤ er, most participating institutions likely represent high volume centers with an interest in improving their own outcomes. Other institutional studies have reported mortality rates of 8% to 40%, but the number of patients within institutional studies, however, is still quite small. [2] [3] [4] [5] [6] [7] [8] Two recent meta-analyses reported pooled outcomes on EVAR for RAAA procedures. Rayt et al. 12 found a mortality of 24% for 982 patients, while Azizzadeh et al. 13 reported a mortality of 30% in 531 patients.
Comparisons are also favorable for EVAR within administrative database studies in the US population, which have included the Nationwide Inpatient Sample, state inpatient databases, and Medicare. [14] [15] [16] These lack the ability to assess any preoperative status variability, however, so this limitation must be recognized. A recent analysis of RAAA repair within the Medicare population showed a mortality benefit for EVAR compared to open repair within a propensitymatched sample and demonstrated a significant surgeon and hospital volume effect, with higher volume physicians/centers having improved results. 16 This further strengthens the argument that when centers have the resources and experience for EVAR in emergency situations, this should be the operation of choice when anatomical factors allow.
We did not identify significant differences in preoperative status that could bias against open repair. This is somewhat surprising given the common assumption that unstable patients are suitable only for open repair. 8 It may be that as centers become more experienced with emergency EVAR and develop a standardized treatment protocol that includes an on-call team and decision algorithms to bypass imaging in favor of direct transfer to an endovascular operating room with percutaneous balloon occlusion of the suprarenal aorta, EVAR becomes a viable option despite instability. In our current analysis, which spans recent years and captures a variety of institutional types, we have found that all immediate markers of patient stability, such as intubation, patient unresponsiveness, and ASA class 5, were similar between the cohorts. Nonsignificant trends did exist, however, with a slightly higher percentage of open repair patients having unfavorable status compared to EVAR. It is possible that with a larger sample size, statistically significant differences may have been found. However, adjusting for all preoperative status variables within multivariate analysis did not change the outcome of increased mortality with open surgery.
Limitations
While the variables assessed with the NSQIP database are superior to those within purely administrative databases, there still are omissions and deficiencies that make it difficult to definitively state that all hemodynamic parameters were similar prior to EVAR versus open repair. The markers of preoperative intubation, acute renal failure, coma, impaired sensorium, and preoperative blood transfusion certainly have significant value; however, more specific information on blood pressure parameters, tachycardia, and pressor dependence was not available. The variable of preoperative sepsis was coded in one third of the patients and likely is a reliable marker of hypotension or pressor support as part of the definition of this variable is organ system and/or circulatory system dysfunction. This showed no significant difference between repair groups and also did not prove to be an independent predictor of mortality within this study, however.
The presence of endoleaks, along with other specific complications such as distal ischemia, was unavailable within the NSQIP. We also could not investigate which procedure was performed when a patient underwent re-operation, and conversions were limited to those that occur within the first operation. Length of stay in the intensive care unit was also not included.
We also could not assess anatomical differences between patients undergoing either method of repair or whether preoperative imaging was available for patients. In a 10year retrospective review of 47 patients presenting with RAAA, Slater et al. 17 found that 49% would have been anatomically suitable for EVAR. Comparatively, Lee et al. 6 were able to perform EVAR in 76% of patients presenting with RAAA after a treatment algorithm was introduced.
Related to this, the long-term durability of EVAR for RAAA also has yet to be proven. While perioperative mortality results seem promising, future studies should assess longterm mortality and reintervention rates.
Conclusion
Despite greater comorbidities and similar preoperative status, mortality after EVAR was lower than after open repair for ruptured AAAs. Even when adjusting for minor differences in preoperative hemodynamics, EVAR mortality was lower than open repair. Institutions with adequate capabilities should consider implementing EVAR-first programs for cases where anatomical conditions allow. Future randomized trials would be useful, as would more studies from single institutions demonstrating significantly lower total RAAA mortality by instituting EVAR-first programs. Long-term data to assure durability are necessary within future studies as well.
